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I. INTRODUCTION
One of the main lessons from recent financial crises is that monetary policy alone is not enough to achieve financial stability and/or to avoid undesirable consequences linked to surges in capital inflows. Initially, this conclusion was mainly perceived as relevant for emerging and developing markets (EMDEs), but it has been clearly extended to advanced economies (AEs) after the global financial crisis of 2008 (GFC). Nowadays, the usage of a broader set of instruments, in which Macroprudential Policy Measures (MPM) and Capital Control Measures (CCM) can play key roles, is considered as preferable in many circumstances. 1 Indeed, as Figure 1 suggests, global usage of both MPM and CCM has been increasing, especially after the GFC. AEs initially lagged behind in terms of the number of MPM, but all AEs are now equipped with at least one instrument, and their average number of instruments outweigh those of EMDEs. Meanwhile, despite an early decline, the share of countries adopting CCM has been on a steady rising trend, with EMDEs using more controls than AEs. In general, the impact of CCM and MPM has been widely analyzed in the literature, but most studies analyze CCM or MPM separately, with few papers considering them simultaneously, and accounting for policy interactions. Moreover, among this last group of papers, the focus is on the impact on domestic credit markets rather than on cross-border dimensions. 2 The objective of this paper is to fill this gap by analyzing together the potential impact of CCM and MPM on worldwide cross-border banking flows. Most CCM do not specifically target cross-border banking flows, but it is likely that they could directly or indirectly affect cross-border banking flows as they are designed to impact cross-border capital flows in general. Similarly, while authorities often employ MPM to target local bank lending, the resulting changes in the incentives of lenders and/or borrowers may generate spillover effects on cross-border banking flows. Hence, the analysis of the impact of both MPM and CCM on cross-border banking flows is key for understanding their effectiveness, as well as broader issues such as international cooperation. In addition to CCM and MPM, there are several other variables that can affect cross-border banking, from the degree of microprudential banking monitoring and supervision, and monetary policy more generally, to other multidimensional frictions captured by lender-and borrower-specific characteristics as well as bilateral linkages between the source and destination of financial flows (e.g. distance as a proxy of information asymmetries).
In this context, following the literature (e.g., Houston, Lin, and Ma, 2012, for an empirical assessment of cross-border lending/borrower in response to changes in micro-prudential regulations), the use of bilateral cross-border banking data and a gravitational model seems an appropriate choice. Identification of the impact of MPM and CCM from lender/borrower countries favors the use of bilateral consolidated cross-border banking flows. BIS Consolidated Banking Statistics (CBS) not only provides us the most complete available global mapping of bilateral cross-border linkages, but it also allows us to distinguish between direct cross-border lending (e.g., the headquarters of a Spanish international bank lending directly to a Brazilian corporation) and lending through local affiliates (e.g., the lending from a foreign subsidiary and/or branch of the Spanish international bank operating in Brazil to a Brazilian corporation). This direct cross-border and local affiliate breakdown of cross-border lending is key to our type of analysis. Given that MPM target, by design, the activities of the local banking sector, direct cross-border lending may constitute one of the circumvention avenues to MPM. Similarly, CCM are not free of regulatory arbitrage opportunities; for example, Desai, Foley and Hines (2006) documented that U.S. multinational firms circumvent capital controls through their internal product and capital markets. 3 In order to cover as many countries as possible, we use the widest currently available MPM and CFM datasets in terms of country coverage. More specifically, we use Cerutti, Claessens and Laeven (2017)'s dataset, the updated version of which now captures 12 macroprudential measures for 160 countries during 2000-17. We select measures of CCM from the dataset of Fernandez et al (2015) , covering 100 countries from 1995 to 2015. As in Houston, Lin, and Ma (2012), we use the dataset from Barth, Caprio and Levine (2013) to proxy for the intensity of bank supervision and restrictions on non-core bank activities. Adopting the empirical strategy of Cerutti and Zhou (2018) , which builds on Helpman, Melitz and Rubinstein (2008) and Fillat et al. (2018) , we use a gravity equation derived from a model of heterogeneous banks extending international lending, in order to capture banks' selection into cross-border lending based on productivity differentials. This framework deals with empty bilateral banking relationships, particularly present in the case of banking exposure through local affiliates, that may introduce selection bias when estimated using conventional techniques such as ordinary least squares on a log-linear gravity equation of crossborder banking flows.
Through the use of regressions and counterfactual analyses, we uncover, both qualitatively and quantitatively, interesting spillover effects from both types of policy measures. For macroprudential policies, the overall usage of MPM in lender countries reduces direct cross-border lending, especially to EMDE borrowers. Lenders' leverage ratio requirement, interbank exposure limit and foreign currency loan limit, in particular, are associated with a lower level of direct crossborder banking outflows. Meanwhile, however, lenders' MPM are strongly associated with a higher level of lending through banks' local affiliates, reflecting the potentially significant role of banks' internal structure in bypassing regulatory constraints that could discourage direct crossborder lending (e.g., some MPM could be implemented only covering the bank headquarter's balance sheet and not at a global consolidated level). Borrower countries' overall macroprudential measures have a statistically significant positive impact on direct cross-border banking inflows, and yield an expected negative (yet insignificant) effect on lending through local affiliates. 4 At a more disaggregate level, borrower countries tend to receive higher direct cross-border banking inflows after adopting interbank exposure limits and foreign currency loan limits. These results are robust to adding either domestic credit booms or regional cross-border general inflows-which tend to be followed by tightening regulatory measures-into our estimations, suggesting that alternative factors such as domestic or regional credit booms could not explain the association between MPM and cross-border banking flows. Rather, the association is more likely due to motives to circumvent.
In the case of capital control measures, we find a strong association of lenders' capital outflow restrictions with higher local affiliate lending, primarily through affiliates in advanced economies, and especially large when lenders restrict outward bond investments. Borrowers' CCM on inflows also lead to higher borrowing through local affiliates. Overall, the findings add to the notion that local affiliates may function as important avenues for cicumventing CCM restrictions on cross-border capital flows. The impact of either lender and borrowers' CCM on direct crossborder lending is sometimes statistically significant (e.g. Lenders' bond outflows restrictions increase direct cross-border lenting to EMDEs), but are usually small in size. There are also some interesting insights from the results of interacting both MPM and CCM together. We do not find consistent evidence that borrowers' CCM can help mitigate the potential increase in direct cross-border inflows due to the circumvention of domestic macroprudential regulations.
Our findings complement and make several contributions to the literature. First, our findings confirm and extend the analysis on the cross-border spillovers of macroprudential policies. From the borrowers' perspective, Cerutti, Claessens, and Laeven (2017) show that greater use of macroprudential policies increases the ratio of cross-border to domestic borrowing. Similarly, Akinci and Olmstead-Rumsey (2015) find that total credit, which includes direct cross-border flows, is less responsive to macroprudential policies than domestic lending is. Using BIS CBS data, Reinhardt and Sowerbutts (2016) find that foreign banks increase foreign claims (a sum of direct cross-border and local affiliate lending) to borrower countries with tighter macroprudential regulations, especially with increased capital standards. Avdjiev et al. (2017) report, using an OLS approach on a cross-sample of 53 countries, that a tightening of reserve requirements or LTV limits by a borrower country is associated with an increase in international bank lending (a sum of direct cross-border and local affiliate lending in foreign currency). Our findings are in a similar direction, but, in addition to controlling for CCM, we further test the circumvention hypothesis with the presence of domestic and regional cross-border booms as well as we stress the differences between direct cross-border and local affiliate lending. While the overall usage of MPM in the borrower country triggers larger direct cross-border inflows -which seems to be associated with circumvention motives -the opposite seems to be happening with local affiliate lending. From the lender countries' perspective, Buch and Goldberg (2017) report that the tightening of prudential requirements increases Canadian, French, Italian and Dutch international banks' lending abroad, but the results are also sometimes in the inverse direction for other banking systems (e.g., US and German banks). 5 They also highlight differences in the responses to MPM by German banks as a func-4 Borrowers' MPM target the lending by local affiliates, especially in the case of foreign subsidiaries. 5 The reported findings by Buch and Goldberg (2007) correspond to their outward transmission to foreign tion of the type of cross-border lending (subsidiaries vs. direct cross-border lending). Baskaya, Binici and Kenc (2017) report that a tightening of LTV limits in lender countries seems to lead to higher cross-border borrowing by banks in Turkey. Similarly, Avdjiev et al. (2017) find that better-capitalized banking systems tend to increase their international claims by more in the face of tighter LTV requirements in their home country. These results highlight the presence of heterogeneity and the fact that our differentiation between direct cross-border and local affiliates could also be important from the lender perspective. Not all lenders' MPM are implemented at the international group consolidated basis as highlighted by Buch and Goldberg (2017) .
Second, our findings are related to several studies on the effectiveness of CCM on cross-border banking flows. For example, Ghosh, Qureshi, and Sugawara (2014), using locational BIS data, report that CCM at either the lender or borrower country ends can influence the volume of crossborder bank flows. With regard to inflow CCM by the borrower country, Bruno, Shim, and Shin (2017) find that banking inflow CCM are associated with lower growth in cross-border banking inflows for Asian countries. Our results highlight more the impact through local affiliates, but, more generally, they are closer to the large body of empirical research that finds limited effects (see Klein, 2012) . We do not find much spillovers or power to offset circumvention of MPM. 6 Interestingly, although we do not find that bond market inflow restrictions at the borrower country level are associated with larger direct cross-border banking borrowing, our positive impact in terms of flows through local affiliate could explain the positive spillover with respect to overall crossborder flows (which includes both direct cross-border and other intergroup cross-border flows) pointed out in Bruno, Shim, and Shin (2017) . A related type of cross-type arbitrage has also been documented by Ahnert, Forbes, Friedrich, and Reinhardt (2017) , who show that some corporates respond to reduced lending from banks (due to foreign currency MPM) by increasing their foreign currency debt issuance.
Third, our findings provide further evidence to the literature highlighting the importance of global banks' internal capital markets in cross-border banking. Cetorelli and Goldberg (2012) show that global banks actively manage liquidity through internal funding reallocations. Aiyar, Calomiris, and Wieladek (2014) find that in response to higher capital requirements for UK local banks, foreign banks' branches operating in the UK increased their share of local lending, a sign of regulatory arbitrage. Cerutti and Claessens (2017) highlight how banks used direct cross-border loans and local affiliate lending differently during the global financial crisis, when capital and liquidity were "trapped" and/or "ring-fenced" within affiliates. They resorted to sharp declines in direct cross-border lending which were (partially) covered by affiliate lending as a way to circumvent ring fencing restrictions. Our finding of circumvention of MPM and specially CCM through affiliate local lending points into a similar direction.
Fourth, our paper contributes to the growing literature that attempts to use bilateral banking statiseconomies' results, which captures the effect of foreign prudential policies on the activities of a reporting country's global banks. The approach used in those analyses does not cover the prudential policy in the reporting country itself. 6 Although we do not find large effects from borrowers' CCM-which could be supporting either relatively nonbinding enough measures or that the effect is captured by other control variables (e.g. microfinancial regulation)-the fact that borrowers' CCM cannot offset circumvention triggered by borrowers' MPM, seems to reinforce the idea that borrowers' CCM might have limited direct effects. tics to study the evolution of global banking and its interaction with financial regulations. Houston, Lin and Ma (2012) find evidence that before the Global Financial Crisis, banks engaged in regulatory arbitrage by shifting funds to markets with fewer restrictions. Similarly, Ongena, Popov and Udell (2013) study a sample of bank-firm lending of emerging Europe, and find that a lower bank lending standard is associated with tighter restrictions on bank activities and higher minimum capital requirement in domestic markets. As the Global Financial Crisis prompts the emergence of a stricter worldwide regulatory environment, recent literature suggests that banks expand their lending to regional partners with more restrictions on bank activities (Claessens and van Horen, 2015, Cerutti and Zhou, 2018) .
Finally, in terms of policy implications, even though our findings are based on aggregate country data and using coarse measures of MPM and CCM, we detect the presence of spillovers that mean that MPM and CCM are sometimes binding. Nonetheless, our mixed results on the effect of MPM-CCM interactions suggest that countries may find their combined general usage ineffective at curbing unwanted banking spillovers without targeting the specific potential channel of policy leakages. This finding empirically questions, to some extent, the theoretical complementarity in the usage of MPM and CCM highlighted by Korinek and Sandri (2016) . In this context, our analysis based on aggregate data points towards the need for more cooperation and coordination between regulators in the global context, especially in the case of foreign affiliates and when spillovers are economically significant, as a way to reduce unintended spillovers of domestic policies and achieve better risk-sharing. This is in line with earlier calls for international cooperation in macroprudential policies by, among others, IMF-FSB-BIS (2016), Agenor and Pereira da Silva (2018), and Choi et al (2018) . This paper is organized as follows: Section 2 provides an overview on our empirical framework and data used for the analysis. Section 3 focuses on the impact of overall MPM and CCM on crossborder banking flows. Section 4 examines the effects of MPM and CCM at individual instrument's level. Section 5 discusses our findings on the interaction between MPM and CCM. Section 6 reports results of robustness checks, and Section 7 concludes.
II. EMPIRICAL STRATEGY
We embed our gravity equation in the two-step empirical framework proposed by Cerutti and Zhou (2018) . Originally used by Helpman, Melitz and Rubinstein (2008) in the context of estimating trade flows, we derive the same expression from a model of heterogenous banks making decisions to expand internationally through direct cross-border lending and/or local affiliate lending. The model explicitly takes into account the presence of zero banking flows due to unobserved, bankspecific productivity differences that sort the banks into groups making cross-border loans and groups that do not. Formally, letting i denote lender and j denote borrower, our framework can be formulated as follows: 7
First stage: estimate the Probit equation
where T i jt is an indicator of connection between lender i and borrower j at time t. r it and r jt represent, respectively, lender-and borrower-specific characteristics, potentially time-varying. These characteristics include regulation intensity and other control variables. d i j denotes a set of time-invariant bilateral gravity factors, including geographical distance and common language. ζ i jt is a set of variables, exclusively used in the first stage to control for additional barriers to banking flows. The use of ζ i jt is common in a traditional Heckman-style estimation of models with selection bias. In the model, ζ i jt can be interpreted as fixed cost shifters. Φ(.) is the cumulative distribution function of a standard normal distribution.
Second stage: estimate the non-linear equation
where z i jt is calculated from the inverse of predicted probability of connection from the first stage: z i jt = Φ −1 (ρ i jt ). η i jt denotes the inverse Mills ratio:
Φ(z i jt ) . The inverse Mills ratio term, together with the non-linear term ln{exp[δ (z i jt + η i jt )] − 1} (derived from the assumption that latent bank productivity in our model follows a truncated Pareto distribution, see Appendix A1), corrects the selection bias generated by the impact of country-level barriers on banks' internationalization decisions, identical across banks, as well as the possibly heterogenous response of individual banks to financial barriers due to differences in productivity. 8 We exploit the distributional assumption of the error term e i jt ∼ N(0, σ 2 ) to estimate the equation via Maximum Likelihood.
Our main dataset of bilateral lending comes from the ultimate risk Consolidated Banking Statistics (CBS) provided by the Bank for International Settlements. The CBS data capture the consolidated claims of internationally active banks headquartered in BIS reporting countries. Intragroup positions are netted out. The nationality-based nature of CBS makes it ideal for analyzing the true bilateral exposure with less concern for intragroup transactions as well as double-counting due to the existence of financial centers that largely serve the purpose of intermediation. 9 Since variations in regulatory intensity from source or destination countries as well as the nature of both may not only affect banks' direct cross-border lending decisions, but also induce changes in the activities of banks' foreign affiliates (branches and subsidiaries), the availability of both components in CBS allows us to separately examine the impact of different policy instruments on direct cross-border and local affiliate flows. For the local affiliate component, we further adjust the data downwards using deposit-loan ratio, following Cerutti (2015) , to avoid overstating the size of bilateral local affiliate exposure when the affiliates are primarily funded by local deposits. Similar to Houston, Lin and Ma (2012) and Karolyi, Sedunov and Taboada (2017) , most of our policy instruments and control variables are in annual frequency, so we use end-of-year observations to collapse our quarter banking flows dataset to annual frequency.
We transform the annual banking claims at year t into flows by taking the difference between claims at years t and t − 1, and define our dependent variables at both stages as:
where I(.) is the indicator function. By definition, a lender is connected to a borrower if within the year, it increases its exposure to the borrower. 10 Our final dataset covers banking flows from 29 BIS reporting countries (lenders) to over 160 borrowers from 2006 to 2015.
Our main variables of interest are measures of regulations related to financial intermediation and banking. We select from three categories of policy instruments: macroprudential regulation, capital control and bank non-core activity restriction to capture, as broadly as possible, the different impact of policy instruments on global cross-border banking. For macroprudential policy, we use a recently updated version of the database compiled by Cerutti, Claessens and Laeven (2017), which, among other sources, takes advantage of the IMF's 2017 Macroprudential Policy Survey (IMF 2018) . The dataset covers the use of twelve MPM for 160 countries over the period of 2000 to 2017. We use the composite measure -overall macroprudential index (MPI) based on 12 types of macroprudential measures -to proxy for the overall usage of macroprudential policy measures by a country. In addition, we estimate individual macroprudential instruments' effect on international banking, selecting leverage ratio requirement, loan-to-value limit and limit on interbank exposure and foreign currency loan from all twelve instruments. We also select measures of CCM from the dataset of Fernandez et al (2015) , covering 102 countries from 1995 to 2015. 11 The dataset is compiled from IMF's Annual Report on Exchange Arrangements and Exchange Restrictions, documenting the types and directions of restrictions on ten types of cross-border capital transactions using binary indicators. The composite measure -overall capital outflow (inflow) restriction index -is the sample average of all ten outflow (inflow) restriction dummies. For individual capital control measures, we focus on restrictions on bond investment, commercial credit and foreign credit. 12 Taking intersections with the coverage of CCM, MPM and other 10 Consistent with our model setup, an increase in exposure suggests a net issuance of new cross-border lending by banks in the reporting country within a full year. 35.5% (4.8%) of the zeros in our direct cross-border (local affiliate) sample are driven by our requirement of positive net lending, with the 64.5% (95.2%) remaining due to the nonexistence of a bilateral lending linkage between lender and borrowers. Our dependent variable definition is different from Houston, Lin and Ma, (2012) and Karolyi, Sedunov and Taboada (2017) , who use censored log differences (growth rate) of exposures-bilateral observations with growth rate above 100 percent are deleted in order to control for outliers. Our baseline definition remains consistent with our modelled two-step procedure, and alleviates concerns that observations are dropped during early years on the banking relationship between a lender and a borrower country (with small initial lending), or when there is high variability in the level of claims if we follow Houston et al. (2012) . Notwithstanding the caveats, Appendix A2, Table A2(d) presents estimation results based on alternative definitions of the dependent cross-border flow variable, including dropping observations with a decrease in bilateral exposure (negative flows), or using log difference as second-stage dependent variables and accordingly redefining first-stage dependent variables. See also Section 6.
11 The original Fernandez et al. (2015) dataset comes with 100 countries. We hand-collect data from AREAER using the same methodology for Luxembourg, and combine information from Taiwan Province of China to ensure our CCM variables cover all 29 lenders in our sample.
12 While some capital control measures have prudential implications, they explicitly target cross-border capital controls, we work with 29 lenders and 86 borrowers from 2006 to 2015 -maintaining a global coverage while ensuring time-series and cross-sectional variations of our data is sufficient. We can distinguish between inflow and outflow CCM, so we select outflows in the case of lenders and inflows in the case of borrower countries. 13 Finally, we use the variable "bank activity restriction" from Barth, Caprio and Levine (2013) to proxy for the intensity of bank supervision and restrictions on non-core bank activities. Banks make lending decisions based on existing regulatory barriers.
To alleviate the concern of endogeneity due to timing, we use policy instruments lagged by one year in our estimation, so that the baseline specification accordingly becomes:
where r kt−1 exclusively denotes the lagged policy instruments of country k ∈ {i, j} and X kt denotes other contemporaneous lender-or borrower-specific controls.
We follow previous literature on regulation and global banking to choose our control variables. In particular, Houston, Lin and Ma (2012) argue that institutional quality is an important indicator of the level of regulatory arbitrage in international banking before the crisis. We include the Fraser Institute's property right index in our estimation to control for this effect. Recent literature on prudential policy spillovers also includes a proxy for financial cycle using measures related to credit-to-GDP (e.g., Avdjiev et al., 2017) . We compile quarterly measures of nominal credit to GDP from IMF International Financial Statistics to better reflect domestic credit situation for both the lender and the borrower. Real GDP growth of the lender and the borrower is included to further control for the demand side of international banking. Finally, we control for the impact of monetary policy by including a variable covering policy-related interest rate or short-term lending rate (discount rate), similar to Correa et al. (2018) .
We include a parsimonious set of traditional gravity factors in our estimation, using log geographical distance and a dummy for common official language from CEPII (Head et al., 2010; Head and Mayer, 2014) to control for distance effect and cultural proximity. Adding additional bilateral linkages, such as colonial relation dummy, does not change our quantitative results. Finally, we follow Helpman, Melitz and Rubinstein (2008), Buch, Koch and Koetter (2014) and Cerutti and Zhou (2018) to develop instruments ζ i jt in the first stage. For direct cross-border lending, we construct a synthetic indicator of banks' overhead cost to total assets, assigning value one only if both the lender and the borrower have above-median costs. For local affiliate lending, in addition to the indicator of high overhead cost, we also include an indicator of free-trade agreement (Buch, Koch and Koetter, 2014) and indicators of high costs and long time to set up firms (Helpman, flows by definition. On the other hand, macroprudential policy measures typically are not exclusively applied to regulating cross-border capital flows. To maintain the distinction, we recode the raw data from the IMF 2017 Macroprudential Survey in the rare cases that the reported presence of a macroprudential instrument was assessed based on measures covering only a cross-border dimension (e.g., Saudi Arabia was recorded as having foreign currency lending limits based only on restrictions on nonresident lending. We corrected that classification). As a result, our MPM and CCM policy dummies and composite measures are independent and have little actual overlaps. 13 In both Cerutti, Claessens, and Laeven (2017) and Fernandez et al (2015) , the implicit assumption is that a country would actively use an instrument/measure once it is written into a law or into regulatory rules. Melitz and Rubinstein, 2008) , since local affiliates may subject to similar procedures governing firm entry. A detailed list of variables used can be found in Table 1. Table 2 reports the summary statistics. Tables 3 and 4 report the first-stage and second-stage regressions results of a set of regressions based on the two-stage model described in Section 2. We start from the most parsimonious specification -that is, using only the traditional gravity factors and push-pull variables identified in Section 2, without adding any regulatory measures, and then we add MPM and CCM separately, and then both types of regulations, as well as authorities' restrictions on domestic banks' non-core activities into the regressions. The latter are introduced in order to account for any possible regulatory arbitrage effects observed by Houston, Lin and Ma (2012) on the side of micro-prudential supervision and monitoring. The following results are worth highlighting:
III. DO MPM AND CCM GENERATE INTERNATIONAL SPILLOVERS? EVIDENCE FROM TWO-STAGE REGRESSIONS
First, in general, traditional factors enter the regression with the expected signs. In particular, for both direct cross-border and local affiliate lending, lenders and borrowers' financial deepness (domestic credit to GDP) and the existence of a common language tie contribute positively to both the probability of net new lending (first stage), and the quantity of net new lending (second stage), while geographical distance serves as the major impediment to both modes of banking. The estimated elasticity of lending with respect to distance is around -0.5 for direct cross-border lending, and -1.5 for local affiliate lending, suggesting that the latter mode favors geographically closer partners even more. In addition, borrowers' GDP growth encourages new direct cross-border and local banking linkages, possibly signaling a higher demand for borrowing, while a higher institutional quality for borrowers is positively correlated with higher direct cross-border flows at both the first and second stages. For lenders, their economic growth and institutional quality also contribute to a higher direct cross-border flow, especially at the second-stage. In line with the literature, we also find mixed evidence in support of monetary policy as a significant driver of cross-border banking. While a monetary tightening in lender countries results in a lower probability of extending net new local affiliate lending, consistent with the push-pull literature (see Koepke, 2015) , other effects are weak and do not seem to be highly significant across specifications.
Second, as the high overhead cost indicator and the free trade agreement indicator enter the firststage estimation with statistical significance for direct cross-border and local affiliate lending respectively, our use of exclusive first-stage variables assists in the identification of second-stage parameters. 14 As shown in Table 4 , the structural parameter proxying selection due to productivity heterogeneity is highly significant, while the traditional Heckman selection parameter is less so, suggesting that bank productivity heterogeneity indeed dominates in affecting banks' internationalization decisions.
14 Our finding that the free-trade agreement dummy assist in the identification of local affiliate lending is consistent with Buch, Koch and Koetter (2014) evidence for German banks.
Third, with the introduction of MPM (columns 2 and 6 of Tables 3 and 4) and CCM instruments (columns 3 and 7), separately, we find cross-border spillovers for both MPM and CCM. Moreover, despite the reduction in sample size in columns (4) and (8) as we are taking the intersection of countries for which all three types of measures (MPM, CCM, and micro-prudential) are available, several results from single-instrument regressions are still present. For MPM, while we find statistically significant evidence that lenders' overall MPM usage increases the probability that a new direct cross-border banking connection is formed (in the form of net new lending), the estimated elasticity of direct cross-border banking flows with respect to overall MPM is significantly negative, after controlling for CCM and non-core activity restrictions. Similarly, the negative relationship identified in the first stage between borrowers' overall MPM and direct cross-border does not translate to the flows. Instead, we find a strongly significant and positive association. There are no statistically significant relationships for local affiliate claims and borrowers' MPM. For CCM, Table 4 , column 8 suggests that the elasticity of local affiliate flow to lenders' outflow restrictions is significantly positive, while borrowers' inflow restriction has a positive association with the probability of an increase in exposure through local affiliates. These findings provide early hints at global banks' possible circumvention of capital controls using local affiliates. Finally, there is evidence that the non-core activity restrictions (our proxy for micro-prudential) by lenders and/or borrowers favor an increase in both direct cross-border and local affiliate flows at the second-stage, consistent with Houston et al. (2012) findings for foreign claims.
We use the counterfactual analysis procedure outlined in Helpman, Melitz and Rubinstein (2008) and Appendix A1 to illustrate the relative economic magnitude of estimated coefficients, and to summarize both first and second stages. This is especially useful in the few cases when each stage has different signs. On the restricted sample that generates estimates of columns (4) and (8) in Tables 3 and 4 , we construct the scenario under which all macroprudential or capital control measures are removed, calculate the aggregate global net positive increase in direct cross-border / local affiliate lending for countries with a history of adopting these measures in the data, and compare the counterfactual number with model predictions from actual data. The unique feature of our counterfactual analysis is that first-stage estimates also enter the picture through the estimated non-linear term in the second-stage, as a shift in barriers to banking affect the quantity of aggregate lending through its impact on whether or not banks are willing to increase their exposure, as well as the quantity of such an increase.
We first focus on MPM, with Figure 2 comparing model and counterfactual predictions on the effect of overall MPM on cross-border lending through the year 2006-2015. A higher counterfactual line than the model prediction line, suggests that lending in the context of assuming no restriction would be higher than what is predicted by the gravity model when actual restrictions are in place. In other words, it is hinting at the presence of negative spillovers the lenders' MPM. This is exactly what Figure 2 (top-left panel) suggests, consistent with the negative coefficients obtained from the second-stage regressions in Table 4 . Figure 2 (top-right panel) indicates that local affiliate lending is higher with lenders' MPM. For borrowers' MPM, the bottom panels of Figure  2 show that there seems to be an increase in direct cross-border flows as the result of borrowers' MPM usage. The opposite seems to happen to local affiliate claims, an expected sign given that borrowers' MPM are also covering foreign affiliates, especially foreign subsidiaries. Similar to Figure 2 , Figure 3 reports counterfactual predictions assuming overall CCM are shut down instead of overall MPM. Overall, the results highlight that there are spillovers from the usage of both lenders' and borrowers CCM on local affiliate lending. On the other hand, the overall quantitative impact of CCM on direct cross-border lending is small.
IV. INDIVIDUAL MPM AND CCM: UNCOVERING HETEROGENEITY AND THE POTENTIAL PRESENCE OF CIRCUMVENTION

Macroprudential Policy Measures
Having established the validity of model estimates and some overall findings for overall MPM, we go further and investigate cases of specific MPM, while controlling for other types of regulatory measures as in the columns (4) and (8) of Tables 3 and 4. Table 5 summarizes the results for macroprudential measures by reporting only the estimated coefficients of MPM variables of interest at the second stage. 15 The overall effect of macroprudential policy masks heterogeneity for specific policy instruments. For direct cross-border lending, the negative overall effect on the lenders' side is clearly reflected in the leverage ratio, suggesting that balance sheet constraints on international banking groups have a material impact on their direct cross-border lending. 16 The positive spillovers of borrowers' overall MPM usage on direct cross-border lending seems to be reflected in many individual macroprudential instruments (leverage ratio, interbank exposure limits, and foreign currency loan limits). These findings at individual instrument level, intuitively, tighten the connection of direct cross-border lending with borrowers' attempt to bypass domestic MPM. For example, as the authority restricts banks' ability to extend foreign currency loan, borrowers may look for alternative sources, including international lenders, to satisfy their foreign currency funding need. This type of correlation and motivation is something that the literature has already highlighted (e.g., Cerutti, Claessens, and Laeven 2017). Taking advantage of the bilateral nature of our data, we further examine alternative explanations for our findings and determine the nature of such spillovers. Are they signs of circumventing borrowers' MPM, or are they merely reflecting other phenomena that can simultaneously explain the increase in direct cross-border and the presence of borrowers' MPM? 17 We can think of two channels that our original estimation might not be capturing. Even though we are controlling by borrower country GDP growth, this might not necessarily capture domestic credit booms where there could be an associated increase in direct cross-border banking flows together with more usage of MPM. Similarly, there could be the case of external banking inflows that are affecting a whole region (e.g., driven by the push variables often highlighted in literature since Calvo et al, 1993) , increasing direct cross-border flows and reducing domestic bank credit. Table 6 reports the result of an augmentation of our model by adding the change of domestic credit to GDP and a variable that takes into account the cross-border banking inflows that each country's regional neighbors are receiving (weighted by the distance of each neighbor to each borrower country). In both cases, it is clear that the positive correlation of the overall and individual MPMs with direct cross-border flows survive the augmentation of the model, even with the introduction of interactions. Hence, the circumvention of borrowers' MPMs seems to be a plausible explanation of our previous results. 18 On the other hand, the positive impact of lenders' MPM on local affiliate lending does not seem to be reflected in our selection of individual MPM, as shown in Table 5 . Only in the case of lenders' overall MPM usage do we obtain statistically significant results, calling for further analysis on the differential impact of lenders' MPM based on heterogeneous country characteristics. Table 7 reports our findings of breaking down borrowers into AE and EMDE borrowers. The positive effect of lenders' overall MPM on local affiliate flows is primarily associated vis-à-vis AE borrowers. In particular, international banks seem to be able to circumvent lender (home) countries' leverage ratio and interbank exposure limits through their affiliate network with AE countries. On the other hand, we find significantly negative effects of lenders' MPM on direct cross-border lending to EMDE borrowers, both in overall usage and across individual instruments. This finding reflects the effects of various macroprudential regulations in prompting global banks to scale back operations and reduce global footprints, as documented in the literature (see Claessens, 2017 for a recent review).
Capital Control Measures
Similar to Table 5, Table 8 reports our estimation results using individual-instrument breakdowns for CCM. The positive and significant association between lenders' outflow restrictions and local affiliate flows partly reflects substitution across different types of investments: local affiliate flows tend to rise as lenders establish bond outflow restrictions. Meanwhile, inflows through local affiliates are higher when borrowers adopt restrictions on lending by nonresidents -another signal of policy circumvention. While for direct cross-border lending, the coefficients of credit outflow restrictions are positive and significant, this result could partially be reconciled by the fact that a number of credit control measures do not target banks, but are directed towards non-bank institutions such as pension funds and insurance companies.
V. DO POLICY INTERACTIONS MITIGATE OR AUGMENT THE SPILLOVERS?
We have seen in Section 4 that the use of borrowers' MPM may induce spillovers through an increase in cross-border lending, and that such an increase is possibly associated with the intention of circumvention. Similarly, but in an opposite direction, we find that lenders' MPM was associated with a decrease in direct cross-border lending. An interesting question to ask is whether there exists a policy mix with CCM that could dampen or amplify the spillover effect of those macroprudential measures. While it is beyond the scope of this paper to provide a full-fledged theoretical analysis, we use our empirical framework to investigate the additional effect of MPM and CCM mixes on cross-border lending, by introducing sets of interactions separately into the regressions. We summarize two interesting results in Figure 4 , which show the estimated base-level and interaction effects and their statistical significance.
The results suggest that interaction effects are not uniform across the different type of instruments. For example, the top panel of Figure 4 shows that lenders' leverage ratio negative spillovers would increase in the simultaneous presence of CCM (as captured by the overall capital outflow restriction index). In the same line, the bottom panel of Figure 4 indicates that there is no consistent evidence that borrowers' CCM could have limited the circumvention of borrowers' MPM. Only in the case of borrowers' interbank exposure limits does the presence of CCM seem to have statistically offset the circumvention in our sample. In addition, the lack of significant impact of the interaction of MPM and CCM on direct cross-border flows helps us in classifying the nature of borrowers' CCM. In principle, the fact that we do not find large effects from borrowers' CCM on cross-border banking inflows support the idea that CCM are not binding enough, which is in line with the limited CCM effects found by a large part of the literature (See Klein, 2012). The results that borrowers' CCM cannot offset circumvention triggered by borrowers' MPM, seems to reinforce this finding that borrowers' CCM have limited effects.
VI. SOME FURTHER ROBUSTNESS TESTS
We have shown that our results were robust to different specifications and data breakdowns. This section presents two additional tests. Following the literature, Table 10 show the results (second stage estimations) of truncating observations where the year to year growth rate of the cross-border flows is above the 95 th percentile of the distribution. This would control for break in series and the presence of outliers. Results are very similar to what we reported before for both MPM and CCM.
Similarly, and more importantly in terms of the size of the data sample, we restrict the estimation to the period 2011-2015, instead of the original 2006-2015. This allows us to fully exclude the GFC from the estimations. The results for MPM, as shown in the top panel of Table 11 , are very similar. Lenders' MPM seems to trigger negative spillovers into direct cross-border flows not only in terms of the overall index, but also individual measures like the leverage ratio, interbank exposure limits and foreign currency loan restrictions. As before, lenders' overall MPM seem to trigger positive spillovers through local affiliate lending. On the borrowers' side, their MPM usage seems to trigger circumvention through an increase of direct cross-border flows. This leakage seems to be statistically significant in the case of the overall index, the leverage ratio, foreign currency loan limits, and also, for the first time, with regard to LTVs.
Further robustness tests are presented in Appendix A2, Table A2(d). Estimation results based on alternative definitions of the dependent cross-border flow variable, including dropping observations with a decrease in bilateral exposure (negative flows), or using log difference as second-stage dependent variables and accordingly redefining first-stage dependent variables, display similar results, especially in the case of MPM. This is not surprising, given that our baseline estimationswhich are designed to control for the important presence of zero banking flows-would be biased against finding the effect of lenders' MPM since our baseline estimations would only rely on positive deaccelerations of net flows after MPM (not eventual negative net flows). In addition, as a further comparison, Table A2(d) also presents results obtained from OLS estimates (instead of our two stage estimations), and the Pseudo Poisson Maximum Likelihood (PPML) estimators suggested by Santos Silva and Tenreyro (2006) . Notwithstanding the bias introduced by log-linearization, the OLS estimates, especially in the case of lenders' MCM and CCM, are close to our baseline estimates. 19 
VII. CONCLUSIONS
In this paper, we use a structural gravity approach to investigate the spillovers of MPM and CCM in the form of cross-border banking flows. We start by introducing MPM and CCM instruments into an otherwise standard bank gravity equation, but accounting for the selection bias generated by non-positive banking flows. We find that substantial policy spillovers seem to exist, some of them possibly associated with circumvention motives. In general, we find that the MPM spillovers seem to be more prevalent than CCM. Our distinction between direct cross-border and local affiliate lending finds some significant positive relationships between several capital outflow control measures and cross-border flows into local affiliates. The impact of MPM seems to be broader. Lenders' MPM not only reduce direct cross-border flows but also can trigger some increase in local affiliate lending. Borrowers' MPM, on the other hand, seem to trigger some circumvention that is reflected in an increase in direct cross-border flows. Estimated effects of MPM interaction with CCM are not uniform across policy macroprudential instruments. While further borrower capital inflow controls may avoid part of the borrowers' macroprudential policy circumvention, the effect does not seem large in the aggregate and is very heterogenous with respect to individual variables.
Our findings have rich policy implications. Our empirical results indicate that agents often do react to CCM and especially MPM by directly or indirectly adjusting their international lending / borrowing decisions, thus triggering international spillovers. From the lenders' perspective, the circumvention of some lenders' MPM through affiliate lending raises the need for a wider approach to risk-taking and connectedness, one that includes the behavior of their banks' local affiliates. From the perspective of borrower countries, policy makers should be aware that the implementation of MPM may trigger unintended spillovers / exposure through cross-border banking linkages. There is not much evidence that CCM can avoid this circumvention of macroprudential policies. Moreover, borrower countries have to be aware that lenders' MPM might trigger spillovers through 19 The PPML estimators generate different results compared to our baseline estimates. However, as shown by Martin and Pham (2015) and Martinez-Zarzoso (2013) , the performance of PPML estimator is highly contingent on the underlying data-generating process. Although the PPML estimator is more robust to heteroskedastic errors, it does not effectively correct for the selection bias generated by excessive zeroes in the data, especially when the existence of zeroes is due to structural reasons. In fact, the Monte Carlo study conducted by Martin and Pham (2015) show that PPML could be severely biased assuming some specific data-generating processes. the reduction of direct cross-border banking flows, especially to EMDE borrowers. In this context, at a more global level, it is clear that further analysis of the impact of post-crisis financial regulatory reform remains a highly relevant and interesting avenue for future research, as well as the possible benefit of cross-border coordination and cooperation to reduce the found spillovers of domestic MPM and CCM policies and achieve better risk-sharing.
Calvo, Guillermo A., Leonardo Leiderman, and Carmen M. Reinhart. 1993 Figure 2 reports results of the counterfactual exercise detailed in Section 3 and Appendix A1. The variable of interest is oveall macroprudential policy index. "Model prediction" refers to the numbers predicted by the second-stage equation, using parameters estimated from true data. "Counterfactual" refers to the scenario where existing measures are switched off (for macroprudential policy index this means setting the index to zero). Counterfactual numbers are generated using the procedure outlined in Appendix A1. For each policy instrument, model prediction and counterfactual calculation are generated based on a sample of lenders/borrowers that have ever adopted this instrument. For each year, the magnitude of net positive increase in direct crossborder and local affiliate exposure is predicted for each country pair in the sample, and summed to global level. Figure 3 reports results of the counterfactual exercise detailed in Section 3 and Appendix A1. The variable of interest is overall capital flow restrictions. "Model prediction" refers to the numbers predicted by the second-stage equation, using parameters estimated from true data. "Counterfactual" refers to the scenario where existing measures are switched off. Counterfactual numbers are generated using the procedure outlined in Appendix A1. For each policy instrument, model prediction and counterfactual calculation are generated based on a sample of lenders/borrowers that have ever adopted this instrument. For each year, the magnitude of net positive increase in direct cross-border and local affiliate exposure is predicted for each country pair in the sample, and summed to global level. Control on credit other than commercial credits granted by all residents, including banks to nonresidents, or vice versa. Use outflow restriction for lenders and inflow restrictions for borrowers.
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The extent to which banks may engage in security, insurance and real estate business. Higher values indicate greater restrictiveness. Barch, Caprio and Levine (2013) Table 3 : Macroprudential policy, capital control and cross-border lending -first stage overall estimates Note: Table 3 reports the first-stage (Probit) estimation results using overall MPM and CCM as independent variables. "Gravity" refers to the specification with no regulatory variables. "All" refers to the joint estimation controlling for overall MPM, CCM and non-core activity restrictions. Table 4 : Macroprudential policy, capital control and cross-border lending -second stage overall estimates Note: Table 4 reports the second-stage (maximum likelihood) estimation results using overall MPM and CCM as independent variables. "Gravity" refers to the specification with no regulatory variables. "All" refers to the joint estimation controlling for overall MPM, CCM and non-core activity restrictions. Structural parameters follow the notation introduced in Section 2. Standard errors are clustered at country pair level. Lender / borrower / year fixed effects are included. Dependent variables are direct cross-border / local affiliate flows. Table 5 : Macroprudential policy and cross-border banking -second-stage specific estimates Note: Table 5 report the effect of various macroprudential policy measures (MPM) on direct crossborder and local affiliate banking flows. Each pair of home/host regulatory measures is added separately into regression specifications in Section 3, controlling for other regulations. For MPM, overall capital outflow / inflow restrictions, monetary policy and bank non-core activity restrictions are added as additional controls along with gravity variables. Only the coefficients of interest are reported. Second-stage ML estimates are reported, along with standard errors clustered at countrypair level. Dependent variables are direct cross-border / local affiliate flows. Table 6 : Borrowers' macroprudential policy and cross-border banking: Interaction with credit cycles Note: Table 6 reports second-stage regression coefficients of borrower's macroprudential policy measures and their interaction with credit cycle proxies ("additional variable"). For each borrower, "weighted inflow to neighbors" is the distance-GDP-weighted average flow to the borrower's regional peers. "Change in Credit to GDP" is the year-over-year change in credit to GDP ratio. 
ANALYSIS
In this section, we sketch the derivation of our empirical framework laid out in Section 2. For a full exposition, see Cerutti and Zhou (2018) .
Country j has N j banks, each of which could access a domestic loan market, risk-free asset market and a deposit market. In addition, each bank could choose to internationalize by engaging in direct cross-border lending and/or operating a local subsidiary in destination country i, by paying an upfront fixed cost and variable monitoring cost of loans. Each bank's problem at the intensive margin, when it makes direct cross-border lending (CB) and local affiliate lending (S), is
In the above expressions, E, D, M refer to equities, deposits and risk-free assets (paying a riskfree rate r f ), respectively. For direct cross-border loan (L CB i j ) and local affiliate lending (L S i j ), the associated profit functions is, respectively:
where τ i j represents bilateral iceberg transfer cost. c j is country-j-specific multiplier of fixed cost barriers. C j (a) and C i (a) are country-specific variable monitoring cost multiplier. They are functions of unobserved inverse productivity parameter a. For tractability, we assume that C j (a) = ac j − r f , ac j > r f ∀ j.
The interest rate each bank charges for a loan depends on the size of the lending. Following Fillat (2017), we assume a constant-elasticity loan demand function.
A CB i , where A CB i is the total direct cross-border loan market size of the destination country and ε CB is the demand elasticity of direct cross-border lending. One can make similar assumption for local affiliate lending. The solution to the bank's problem for each type of lending is a multiplicative function of the endogenous variables.
We aggregate each bank's optimal solution to country level by assuming that 1/a follows a truncated Pareto distribution. Integrating individual loan function from the optimization problem across the continuous inverse productivity distribution, and further assuming (τ CB i j ) ε CB = D γ CB i j e −u CB i j , where D i j represents the symmetric distance (gravity factor) between country i and j and u CB i j is a standard disturbance term, we arrive at a log-linear equation estimable using country-level data:
where cb i j is the log level of direct cross-border flow. Table A2 (c) reports second-stage regression coefficients of borrower's capital inflow control measures and their interaction with credit cycle proxies ("additional variable"). For each borrower, "weighted inflow to neighbors" is the distance-GDP-weighted average flow to the borrower's regional peers. "Change in Credit to GDP" is the year-over-year change in credit to GDP ratio. Only the coefficients of interest are reported. Second-stage ML estimates are reported, along with standard errors clustered at country-pair level. Table A2 (d) reports estimation results on the effect of overall macroprudential policies and capital controls on cross-border banking, using different definition of first-stage and secondstage dependent variables. "Drop negative flows" refers to the definition, under which all negative changes to direct cross-border and local affiliate exposures are dropped, and the first-stage binary indicator of banking connection is redefined to be one when direct cross-border / local affiliate exposures are positive, and zero otherwise. Under this definition, the second-stage dependent variable is kept to be the log of positive changes in exposure. "Log difference" refers to the definition under which the first-stage binary indicator of banking connection is redefined to be one when direct cross-border / local affiliate exposures are positive, and zero otherwise, and the second-stage dependent variable is redefined to be the log difference (growth rate) of direct cross-border / local affiliate exposures. Additional data transformation (winsorization, right censoring, restriction to post-2011 sample) is performed and the transformed data is used to estimate additional cases. PPML refers to the Poisson Pseudo-maximum Likelihood estimator of Santos Silva and Tenreyro (2006) . OLS is the ordinary least squares estimator, which is used instead of maximum likelihood. In all cases, standard errors are clustered at country-pair (lender-borrower) level. Figure A2 (a) reports additional results of the counterfactual exercise detailed in Section 3 and Appendix A1. The variables of interest are specific macroprudential and capital control measures. "Model prediction" refers to the numbers predicted by the second-stage equation, using parameters estimated from true data. "Counterfactual" refers to the scenario where existing measures are switched off. Counterfactual numbers are generated using the procedure outlined in Appendix A1. For each policy instrument, model prediction and counterfactual calculation are generated based on a sample of lenders/borrowers that have ever adopted this instrument. For each year, the magnitude of net positive increase in direct cross-border and local affiliate exposure is predicted for each country pair in the sample, and summed to global level. Figure A2 (a) reports additional results of the counterfactual exercise detailed in Section 3 and Appendix A1. The variables of interest are specific macroprudential and capital control measures. "Model prediction" refers to the numbers predicted by the second-stage equation, using parameters estimated from true data. "Counterfactual" refers to the scenario where existing measures are switched off. Counterfactual numbers are generated using the procedure outlined in Appendix A1. For each policy instrument, model prediction and counterfactual calculation are generated based on a sample of lenders/borrowers that have ever adopted this instrument. For each year, the magnitude of net positive increase in direct cross-border and local affiliate exposure is predicted for each country pair in the sample, and summed to global level.
Overall Macroprudential Overall Capital Control
